The pathway for proline degradation in Salmonella typhimurium appears to be identical to that found in Escherichia coli and Bacillus subtilis. Al-Pyrroline-5-carboxylic acid (P5C) is an intermediate in the pathway; its formation consumes molecular oxygen. Assays were devised for proline oxidase and the nicotinamide adenine dinucleotide phosphate-specific P5C dehydrogenase activities. Both prolinedegrading enzymes, proline oxidase and P5C dehydrogenase, are induced by proline and are subject to catabolite repression. Three types of mutants were isolated in which both enzymes are affected: constitutive mutants, mutants with reduced levels of enzyme activity, and mutants unable to produce either enzyme. Most of the mutants isolated for their lack of P5C dehydrogenase activity have a reduced level of proline oxidase activity. All the mutations are cotransducible. A genetic map of some of the mutations is presented. The actual effector of the pathway appears to be proline.
An understanding of the regulation of degradative pathways necessitates an understanding of the relationship between induction and catabolite repression, two mechanisms controlling many catabolic routes. Other systems have been examined from this viewpoint, one of which is the histidine-degrading pathway in Salmonella typhimurium (3) . Since proline catabolism results in the same product, glutamate, as does histidine catabolism, a study of its regulation and a comparison with that of histidine degradation is of particular interest. This study is a preliminary investigation of the physiological and genetic basis of regulation of the proline-degrading enzymes in S. typhimurium.
MATERIALS AND METHODS
Chemicals. L-Proline and nicotinamide adenine dinucleotide phosphate (NADP) were obtained from Sigma Chemical Co., St. Louis, Mo. o-Aminobenzaldehyde was from K & K Laboratories, Inc., Plainview, N.Y. A'-Pyrroline-5-carboxylic acid (P5C) was synthesized by the method of Strecker (14) . N-methyl-N'-nitro-N-nitrosoguanidine was obtained from Aldrich Chemical Co., Milwaukee, Wis.
Bacterial strains. The strains of S. typhimurium used in this study are listed in Table 1 . The parent strain is S. typhimurium strain 15-59. All strains derived from it were obtained by N-methyl-N'-nitro-N-nitrosoguanidine mutagenesis. A mutant phenotype is indicated by an isolation number, or in the general case, by a minus sign. The mutant strains are identified by phenotype rather than genotype since the genes affected by the mutations have not been determined. Accordingly, the distinction between the various phenotypic traits involving proline utilization does not imply a distinct gene for each nor does it imply that all mutants with a particular phenotype have been affected in the same gene. The nomenclature used follows the recommendations of Demerec et al. (5) . PutA is proline oxidase-negative, PutB is P5C dehydrogenasenegative, (PutP) is pleiotropic-negative for both enzymes, and PutC is constitutive for both enzymes.
Cultivation of bacteria. To cultivate cells for enzyme assays, a modified minimal medium (9) , which consisted of Medium E of Vogel and Bonner plus trace elements and without citrate, was used. The medium contained 0.2% ammonium sulfate and 0.2% sodium succinate. Depending on the experiment, 0.2% proline or 0.2% glucose (or both) was included in the medium. The salt base, nitrogen source, and carbon source were sterilized separately. Agar plates were prepared by adding a 3% agar solution to an equal volume of the corresponding double-strength liquid medium.
LB broth (2), a rich medium, was used for cultivating recipient cells for transduction. LB agar or LB soft agar plates were made by adding to LB broth 1.5% or 0.75% agar, respectively.
The cells were grown with aeration at 37 C in 30-ml cultures in 300-ml Erlenmeyer, side-arm flasks. Growth was measured in a Klett-Summerson photoelectric colorimeter containing a no. 42 filter. The number of cells was determined from a standard curve.
Isolation of mutants. Exponentially growing cells from LB medium were mutagenized with N-methyl-N'-nitro-N-nitrosoguanidine by the method of Adel-PROLINE DEGRADATION IN S. TYPHIMURIUM berg et al. (1) . The mutagenized culture was inoculated into LB broth and incubated overnight. The cells were then washed with minimal medium and transferred to minimal medium containing succinate and ammonium sulfate. Several transfers in this medium selected against auxotrophs and other unwanted strains.
Finally, mutants lacking either proline oxidase (L-proline:02 oxidoreductase, EC 1.4.3.2) or P5C dehydrogenase (Al-pyrroline-5-carboxylate: NADP oxidoreductase, EC 1.5.1.2) activity were screened by spreading these cells onto agar plates containing sodium succinate as carbon source, L-proline as nitrogen source, and 1% LB broth as supplement. Mutants lacking either one or both of these enzyme activities are unable to catabolize proline and use the small supplement of LB broth as sole nitrogen source. Consequently, they appear as small colonies. These were picked and purified. With the possible exception of PutP80, all of the mutations causing the inability to utilize proline seem to be the result of a single mutation because they all revert spontaneously.
Mutants able to produce proline oxidase constitutively were screened by a method based on the formation of a yellow complex between P5C, the product of the reaction catalyzed by this enzyme, and o-aminobenzaldehyde. About 300 cells from a mutagenized culture (that had been transferred in succinate-ammonium sulfate medium several times) were plated on an agar petri dish containing succinate and ammonium sulfate. The surface of the agar was covered with a membrane filter (0.45 ,um pore size; Millipore Corp., Bedford, Mass.) before plating. After several days, colonies appeared on the filter. The filter was then placed under toluene vapors for 5 min. It was then placed on top of a piece of Whatman no. 1 filter paper that had been wetted with a solution of 3 M proline, 5 X 10-2 M o-aminobenzaldehyde, 5 X 10-2 M pOtassium phosphate buffer (pH 7.0), and 0.01% chloramphenicol. The two filters (in contact with each other) were incubated at 37 C for 30 minm Constitutive mutants appeared as yellow colonies and could be picked off the filter.
Enzyme assays. To assay for proline oxidase, 1 ml of an overnight culture of cells grown in minimal medium with succinate and ammonium sulfate was added to 30 ml of appropriate medium. The culture was incubated until it reached a point in the logarithmic growth phase at which the cell titer was between 5.2 X 108 and 6.8 X 108 cells per ml. A 1.5-ml sample was then centrifuged at 23,500 X g for 10 min at 4 C. The supernatant solution was quickly decanted, and the small pellet was washed with 1.0 ml of 0.1 M sodium cacodylate buffer at pH 6.6 and centrifuged again for 10 min. The cells were resuspended in 1.0 ml of the same buffer, and 5 ,liters of toluene was added.
After shaking the cells for 10 min at 37 C, 1.0 ml of 1.0 M L-proline and 0.2 ml of 0.05 M o-aminobenzaldehyde in 20% ethanol were added. The reaction mixture was incubated at 37 C for 45 min with fast shaking. The reaction was stopped with 0.2 ml of 20% trichloroacetic acid. After 5 min, the precipitated protein was removed by centrifugation at 23,500 X g for 5 min. The absorbance of the supernatant solution at 443 nm was measured against a water blank in a A 15-ml amount of a log-phase (5.2 X 108 to 6.8 X 108 cells/ml) culture was used to assay P5C dehydrogenase activity. After 10 min of centrifugation at 23,000 X g, the pellet was washed with 10 ml of 10-i M tris(hydroxymethyl)aminomethane (Tris) buffer at pH 8.0. The cells were resuspended in 1 ml of the buffer. Thirty seconds of ultrasonic disruption in an MSE sonifier (Measuring & Scientific Equipment, Ltd., London) broke the cells which were then centrifuged for 15 min at 27,000 X g. The supernatant solution was decanted and used as the source of enzyme. To a 0.5-ml quartz cuvette was added 0.18 ml of water, 0.2 ml of 0.1 M Tris-hydrochloride at pH 8.0, 0.05 ml of 0.024 M NADP, and 0.02 ml of extract. The cuvette was incubated for 10 min at 37 C. The reaction was initiated by the addition of 0.05 ml of 0.072 M P5C. A Gilford 2400 recording spectrophotometer was used to follow NADP reduction at 340 nm. The cell compartment was 37 C. Enzyme activity was obtained by subtracting the rate observed when no enzyme was included in the reaction mixture. Protein concentration was obtained by the method of Lowry et al. (8) 5. After incubation at 37 C for 10 min, the cells were collected by centrifugation and washed with 4 ml of Medium E. The suspension was centrifuged, and the cells were resuspended in Medium E. For two-factor crosses, the cells were suspended in 1 ml, and 0.1 ml of a 1:10 dilution was plated. For three-and four-factor crosses, the cells were resuspended in 0.1 ml, and this was plated undiluted. Selection in all experiments was for transductants that had acquired the ability to catabolize proline and therefore could use it as a nitrogen source. For each experiment there was a control for spontaneous mutation consisting of the recipient strain and phage particles propagated on that same strain or, in some cases, the recipient alone. The phage suspension was also plated to check for contamination. Transductant colonies were visible after 2 days of incubation.
A spot test similar to the screening assay for isolating constitutive mutants was used for the rapid screening of transductants capable of the constitutive synthesis of proline oxidase. It was possible to distinguish PutC3 transductants from PutCl transductants since the latter have a much lower constitutive level than do the former. PutC3 colonies thereby give deep yellow spots whereas PutCl colonies give pale yellow spots.
Transductions were performed at least twice and yielded essentially the same results each time. (14) was obtained that migrated to the same spot as a P5C control.
RESULTS

Elucidation
The oxygen requirement for the proline oxidase reaction was studied by measuring oxygen uptake at 37 C with a Rank oxygen electrode. The oxygen consumed in the presence of oroline bv dialyzed crude extracts of induced (proline is included in the medium) and uninduced wild-type cells, uninduced cells of a strain with constitutive activity of proline oxidase (strain AR65), and induced cells of a mutant strain lacking proline oxidase activity (strain AR27) was measured ( Table 2) .
With the extract of wild-type cells grown under uninduced conditions, only a slight increase in oxygen uptake was observed upon the addition of proline to the reaction mixture, whereas a marked stimulation was observed in the induced cell reaction mixture. A similar large increase was observed with the reaction mixture containing an extract of the uninduced constitutive strain. There was only a slight increase with an extract of a strain lacking proline oxidase activity. These data indicate that the oxidation of proline by S. typhimurium consumes molecular oxygen. The uninduced wild type or strains lacking proline oxidase activity do not oxidize proline and consequently do not consume oxygen upon the addition of proline.
Dialyzed extracts of induced wild type have about the same specific activity as undialyzed crude extracts. This indicates that a dialyzable electron carrier is not required for oxygen consumption by proline. When P5C is used as a substrate, NADP is reduced by extracts of cells grown in the presence of proline. No nicotinamide adenine dinucleotidereducing activity is observed with these extracts even when assayed in the absence of oxygen. Glutamate is presumed to be the product of the P5C dehydrogenase reaction. Support for this is that proline can satisfy a glutamate requirement in glt mutants (11) .
Regulation of the synthesis of proline-degrading enzymes. Wild-type (AR) cells grown in the presence of proline have greatly increased levels of both proline catabolic enzymes (Table 3 ). The activity of the enzymes is markedly decreased when glucose is also present. Thus, the synthesis of both proline oxidase and P5C dehydrogenase appears to be controlled by induction and catabolite repression.
To determine the actual effector of the pathway, proline oxidase-negative and P5C dehydrogenase-negative mutants were examined for their induction patterns (Table 4) . Although there are several instances in other pathways in which the effector is an intermediate rather than the substrate (3, 10), the results suggest that proline, and not P5C, serves as the actual inducer. Strain AR27, a proline oxidase-negative mutant, has P5C dehydrogenase activity. This indicates that proline, rather than a product of its degradation, is the actual inducer. In addition mutants such as strain AR28, that lack P5C dehydrogenase activity, do not synthesize proline oxidase constitutively even though they excrete P5C when grown on a medium containing succinate, ammonium sulfate, and proline. If a P5C were the actual inducer, constitutive synthesis of proline oxidase might be expected, due to internal induction by the accumulation of P5C from internal proline pools in such a mutant. Internal induction is observed in the histidine-degrading system in this organism (3) in which the product of the first reaction, rather than the substrate, is the inducer. Since the uninduced level ofproline oxidase is not increased, proline seems to be the effector of the two degradative enzymes.
Several constitutive mutants were isolated and assayed for enzyme activities (Table 5 ). Strain AR63, on a medium containing no proline, has about one-sixth of the activity of fully induced wild-type cells. When proline is included in the medium, both of the enzyme levels are approximately that found in the induced wild type. Strain AR65, on the other hand, has high levels of both enzymes and cannot be superinduced by proline. The constitutive levels in strain AR80 are about 50% of the fully induced wild-type levels. When proline is in the medium, fully induced wild-type activities still are not seen. All three of these mutants are repressed by glucose. The fact that glucose is able to repress the constitutive mutants is evidence that the repression is not due to less efficient inducer uptake in the presence of glucose, because in these mutants repression is seen even when proline is absent. Enzyme assays of mutant strains selected for the constitutive synthesis of proline oxidase show that the constitutive level of P5C dehydrogenase is approximately the same. In the presence of glucose, both enzyme activities are repressed to about the same extent. Since these data suggest that the enzymes are under coordinate control, it is possible that the genes specifying proline oxdase and P5C dehydrogenase belong to a single operon. Studies of other constitutive strains showed the same coordinate properties.
Two constitutive strains, AR63 and AR65, were mutagenized to introduce a second mutation causing a deficiency in proline utilization. Two mutants lacking P5C dehydrogenase activity were isolated, strains AR71 and AR111 (Table 6 ).
Both excrete P5C in a medium containing proline. The mutation in strain AR71 that results in the absence of P5C dehydrogenase activity has at the same time resulted in a twofold decrease in the induced proline oxidase activity. This decrease accompanying the loss of P5C dehydrogenase activity follows the pattern observed in the mutant strain AR28 (see Table 4 ) and in several other P5C dehydrogenase-negative mutants. In the absence of proline, strain AR71 has the same low constitutive level of proline oxidase as its parent, strain AR63. Unlike strain AR71, strain ARill has full proline oxidase activity when grown in the presence of proline. Under uninduced conditions, it was expected to have the same high constitutive level as its constitutive parent strain, AR65; in fact, it has almost a twofold increase in this activity.
Other phenotypes of strains unable to utilize proline as the nitrogen source are the pleiotropicnegative strains, AR74, AR105, and AR109, and the "leaky" mutant strains, AR17, AR97, and AR98 (Table 6 ). These "leaky" mutants are further characterized by an apparent coordinate decrease in enzyme activities.
Linkage of mutation sites involving proline utilization. By means of transduction, genetic crosses were performed to determine the linkage relationship between the mutations resulting in a deficiency in proline utilization and the constitutive mutations. In each cross, phage particles propagated on a constitutive or on the wild-type strain served as donor, and the recipient was a strain unable to utilize proline. Selection was for recombinants that had acquired the ability to use proline as a nitrogen source. These recombinants were spot-assayed for the constitutive character. The first group of crosses (i to 3, Table 7 ) compares the linkage of the three constitutive mutation sites to the PutA26 site. All of these C> mutations are closely linked to this site. Three crosses were performed to determine the linkage of the PutC3 or PutCl site to the sites conferring a loss of P5C dehydrogenase activity (PutB-). As shown in crosses 4 to 6 (Table 7) , these sites are linked to the constitutive sites.
Several crosses were performed to determine the linkage of the sites of two pleiotropic-negative mutant strains, AR74 and AR105, to the PutC3 and PutCl sites. The PutP61 (AR74) site is closely linked (95% cotransduced) to the PutC3 site (cross 7). The PutP80 (AR105) site is very closely linked to both constitutive sites (crosses 8 and 9). Crosses 10 to 12 show the close linkage of the sites of three leaky mutant strains, AR17, AR97 and AR98, to the PutC3 site. AU of the mutations examined are cotransduced with each other. The PutB86 site seems to be farthest away from the main closely linked cluster of markers.
Order of mutation sites. Since the mutation sites that result in constitutivity are linked to the sites conferring deficiencies in proline utilization, a series of three-and four-factor crosses were carried out to determine the order of these sites. In each cross, botb the donor and recipient are strains unable to use proline as a nitrogen source. Selection was for transductants that had acquired this ability. In addition, for the three-factor crosses, either the donor or recipient was a double mutant carrying a constitutive marker. In the four-factor crosses, both the donor and recipient have a constitutive marker.
The data are interpreted on the basis of the assumption that a quadruple crossover event is rare compared to a double crossover event. For example, in the three-factor cross, PutA+,C3,P61 (donor) and PutA26,C+,P+ (recipient), where transductants of the type PutA+,P+ are selected, if the order were C3-P61-A26 (Fig. la) , then among the selected transductants the constitutive character (PutC-) would be rare. The PutC3 class is actually in the majority, as shown in cross 1 of Table 8 . Therefore, the order C3-P61-A26 is ruled out. In the reciprocal cross, with PutA26, C+,P+ as the donor and PutA+,C3,P61 as the recipient, of the selected transductants PutA+ ,P+, the PutC+ class should be rare since a quadruple crossover is required (Fig. lb) . Actually, 28% are PutC+ (cross 2, Table 8 ), so that the order C3-A26-P61 is ruled out.
The data from the other pair of reciprocal crosses were interpreted in the same manner. The orders, as determined from the crosses shown in 
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The recipient is a mutant strain that readily reverts. Since some of the selected colonies may have been revertants rather than transductants, the percentage of cotransduction may be higher.
Based on these two orders and the data from a reciprocal pair of four-factor crosses, the mutant sites of PutB58, PutP61, PutCl, and PutC3 were ordered. Of the 12 possible orders for these four markers, 5 can be eliminated on the basis of the above 2 orders. The eliminated ones are: C3-P61-B58-C1, C3-B58-P61-Cl, C3-B58-C1-P61, Cl-P61-C3-B58, and P61-Cl-C3-B58. Three orders, C3-C1-P61-B58, C3-C1-B58-P61, and C1-C3-B58-P61, are eliminated since PutC+ transductants from cross 1 (see Table 9 ) should be rare. Because this class constitutes 21 % of the selected transductants, it is clearly not rare. If the order were C1-B58-C3-P61, a quadruple crossover would be required to produce PutCl transductants from cross 1. This class constitutes 36% of the recombinants, so the order is ruled out. Since, from cross 2, 36% of the selected transductants are of the PutC3 class, the orders C1-C3-P61-B58 and C3-P61-C1-B58 are eliminated. The remaining order is P61-C3-C1-B58. This order predicts no majority class in either cross, which was the result obtained.
The sites of two leaky mutants, PutP23 and PutP72, were ordered with respect to the mutation sites of PutC3 and PutP61, and PutCl and PutB58 (Table 10 ). The orders of these sites are P61-C3-P23, B58-C1-P23, P61-C3-P72, and B58-C1-P72 (from reciprocal crosses 1 to 8). Since the markers Cl and C3 are located between the markers P61 and B58, as determined from the crosses shown in Table 9 , the markers P23 and P72 can be placed in the order P61-C3-P23-C1-B58 and P61-C3-P72-C1-B58. Thus, the sites of the genetic lesions in these two leaky mutants are located between the two constitutive markers, Cl and C3. to place the mutation site of strain AR105 (PutP80) into the sequence P61-C3-C1-B58. From crosses 9 to 12 in Table 10 , the C3 marker is between P61 and P80, and Cl is between B58 and P80 markers. The P80 marker, therefore, appears to be between the C3 and Cl markers, giving P61-C3-P80-C1-B58. However, the fact that similar ratios of C+/C-were not obtained for the reciprocal crosses makes the ordering of the P80 site somewhat questionable. The site of the lesion of this pleiotropic-negative mutant seems to be located between the Cl and C3 markers as are the lesions in the two leaky strains, AR17 (P23) and AR97 (P72).
To map the mutation site of strain AR 111 that results in the loss of P5C dehydrogenase activity, a pair of reciprocal four-factor crosses involving the double-mutant strains AR111 (PutC3,B86) and AR71 (PutCl,B58), were carried out (Table  11 ). Eight of the 12 transductants from cross 1. Since this class constitutes 37% of the recombinants, the orders C3-C1-B86-B58 and C3-B86-C1-B58 are eliminated. Because 58% of the transductants from cross 2 are of the PutCl phenotype, which could result only from a quadruple crossover, the order C3-C1-B58-B86 is ruled out. This indicates the actual order as B86-C3-C1-B58.
The order of these nine mutations, based on the results of the crosses, seems to be B86-P61-C3-A26-C1-B58 with P23, P72 and P80 all between C3 and Cl. The P61 to B58 distance is very close, with the B86 marker somewhat farther from the P61-B58 cluster.
DISCUSSION
The pathway of proline degradation is the same in S. typhimurium as in Escherichia coli (6) and Bacillus subtilis (4). Proline oxidase yields P5C which is converted to glutamic acid by oxidation with NADP and P5C dehydrogenase. The actual inducer of the proline-degrading enzymes seems to be proline and not P5C, because a mutant that is unable to convert proline to P5C still is able to induce P5C dehydrogenase. In addition, mutants with no P5C dehydrogenase activity are not constitutive for proline oxidase. In B. licheniformis, there is some evidence that P5C is the effector (7).
The structural genes for proline oxidase and P5C dehydrogenase were not identified. Of many mutant strains selected for the inability to utilize proline as a nitrogen source, only one (strain AR27) was found that, although lacking proline oxidase activity, has some P5C dehydrogenase activity. Only one mutant (strain AR111) has full proline oxidase activity although lacking the other enzyme activity. Three other mutant strains also lacking P5C dehydrogenase activity have a reduced level of proline oxidase activity. Strains AR28 and AR71, as well as several others not in- mapped. Based on the criteria established by Scaife and Beckwith (12) , the possibility that these are promotor mutations is suggested. First, the mutations are pleiotropic; the activity of both enzymes is reduced by approximately the same factor. Second, the mutations have no apparent effect on induction. None of the mutants produces either enzyme under uninduced conditions. In addition, of 69 spontaneously occurring revertants of strain AR17, all were inducible, indicating that a repressor gene was not affected. The additional and conclusive criteria for promotor mutations, i.e., cis dominance, map position, distinction from polar mutations, and conclusive proof of the lack of effect on a repressor-operator mechanism, could not be tested as yet. Since the site of the lesion in the pleiotropic-negative mutant strain AR105 (PutP80) is located in the same region as PutP23 and PutP72, i.e., between PutCl and PutC3, it could also be a promotor mutant. Its location between two constitutive sites suggests another possibility, viz., that it is an uninducible mutation analogous to a il mutation in the lac system (17) . If this is the case, many of the revertants of this strain will be constitutive. The two constitutive sites are separated not only by two leaky mutations and a pleiotropicnegative mutation but also by a mutation abolishing proline oxidase activity. Thus it appears that two distinct sites are represented by the two mutations, both of which result in constitutivity. A study of dominance relationships in merodiploids is necessary to determine the nature of the genes involved. If B86 and A26 are mutations in the structural genes for P5C dehydrogenase and proline oxidase, respectively, then the order B86-C3-A26 strongly suggests that these two structural genes are not part of a single operon. However, there appears to be some correlation between the control of the two proline-degrading enzymes since several types of mutants were isolated in which the activity of each enzyme is affected to the same degree. First, mutants with fully constitutive activity of proline oxidase also have fully constitutive P5C dehydrogenase activity and two partially constitutive mutants have the same degree of constitutivity for both enzymes. Second, of three leaky mutants examined, the activity of both enzymes is reduced by approximately the same factor. Third, in four mutant strains, a presumably single mutation results in the loss of both enzyme activities.
Assuming that the synthesis of the proline-degrading enzymes is regulated by a repressor, it is possible that the constitutive mutations affect a gene coding for a repressor protein that acts at two distinct operator sites, one for each structural gene. Thus, a single mutation could affect two operons to the same extent. However, if two operons are involved, the leaky mutants and the pleiotropic-negative mutants cannot be attributed to mutations in a promotor region. A better indicator of coordinate control is the effect of catabolite repression in various mutants since, at least in the lac system of E. coli, the promotor site seems to be the catabolite-sensitive site (13) . If two operons are involved in the synthesis of the proline-degrading enzymes, a mutant resistant to catabolite repression for one of the enzymes should be sensitive for the other. Catabolite repression-insensitive mutants are presently being isolated.
One of the reasons for studying the put system is that histidine catabolism has been studied in a similar manner in this particular strain of S.
typhimurium (3) . Both pathways yield glutamate as the end product and both pathways are subject to catabolite repression. The histidine-utilizing enzymes are induced by urocanic acid, the product of the first enzyme, whereas the proline-catabolizing enzymes seem to be induced by the substrate, proline. By using essentially the same techniques as those used for obtaining mutants unable to degrade histidine, the majority of mutants unable to utilize proline were pleiotropic-negative. In the histidine system, a pleiotropic-negative mutant was quite rare (unpublished data). Mutants that are, by a single mutational event, both resistant to catabolite repression and constitutive for histidine degradation have been found (3) . This double phenotype has not yet been observed in the proline system. An interesting feature of proline degradation is that it involves the same intermediate, P5C, as that found in proline biosynthesis (16) . The interrelationship of the pathways is being studied.
